Biology has been always a descriptive science. The great variety and number of living systems have been enough to occupy the major time of investigators until the rise of the experimental method resulted in the examination, in greater detail, of individual systems. Even here, however, the descriptive method dominated the science. Processes and mechanisms have been described and, with the improvement of methods of chemical analyses, the majority of the entities comprising the complex organization of living matter have been unravelled. It is now known that the chemical entities, atoms, and molecules found in the non-living world, are also found in protoplasm. Moreover, the great majority of the chemical processes are the same in both living and non-living matter. No new laws have been found to operate in living material. It is abundantly clear that the crucial factor differentiating the living from the non-living lies not in the entities of which the systems are composed, but in the relationships which the entities bear to each other. In other words, it is the relationship of the entities which determines the difference between a living organism and inert matter. It is equally clear that the entities are related to each other in an extraordinarily complex manner; so complex, in fact, that the simplest living organism is vastly more complicated than any other system on the face of the globe.
throughout all development and to effect the maintenance of the integrity of the adult. This constancy operates in the face of an enormously varied chemical flux. Through the whole cycle of metabolism, the responses of protoplasm to changes in its external and internal environment, the necessary configuration of the entities of protoplasm are maintained. It is not surprising, therefore, that some observers have been led to conclude that the difference between living and non-living lies in the presence in the living organism of an immaterial controlling factor-the teleological principles of Aristotle, the entelechy of Driesch, the elan vitale of Bergson.
From the standpoint of the scientist, any such integrating factor which occupies neither time nor space, which involves no energy transformations, cannot be studied. Yet, there are to be observed in living systems the consequences of the operation of a series of forces. The determination of the nature of these forces is a central problem of biology. It is the problem of the origin and maintenance of the design, the pattern of organization, or the ordered configuration always to be found wherever life exists. It is the forces which impose this necessary configuration which must be determined. There is great literature dealing with the describable consequences of the operation of these forces, but few clues as to their nature.
By way of contrast, it is interesting that in the field of physics, as soon as that science progressed beyond description to an examination of the relatedness of the components of the non-living universe, great strides were made. Working hypotheses became tools as important in the search for truth as is description. In fact, most of the great achievements in man's mastery of his material environment have come as a result of successful theories explaining the order found in nature.
Unfortunately, there have been only two parallels in biology. One is Darwin's theory of evolution, and the other is the theory of genetics. It is obvious that these theories have had profound influence on biology. They both deal with certain aspects of relationships which exist between unitary and multiform components. Both theories concern themselves with certain constancies of relatedness in phylogeny and embryology. In any event, the available evidence suggests that the search must be made for forces operating in time with great constancy, not only over the development of the individual, but over the long history of evolution itself.
It was considerations, such as these, which led to the proposal, 4 that an examination be made of the electrical properties of living systems as a possible clue to the answer to this problem. Burr.2 It is the purpose of this report to add one more bit of information in this area. The beautifully precise formulation by Lorente de N6 of the fields in an infinite volume conductor accompanying the neural impulse travelling along the sciatic nerve of the frog demanded that a search be made for experimental evidence of the existence of an electrostatic field in the air (a dielectric) surrounding the nerve trunk. A preliminary report of such a study is here presented. The existence of an electrostatic field has been demonstrated. However, the analysis of the nature of this field is still far from complete, and much further study will be required.
Materials and methods
The technique employed in the search for electrostatic fields in air surrounding the sciatic nerve of the frog is the fairly standard one of suitable resistancecoupled amplifiers and the 5" Cathode ray. However, in order to determine reliably whether or not electrostatic fields were present, two additional instruments were required. The first, and most important of these, was a search probe. This consisted essentially of a vacuum tube circuit, using an acorn tube so arranged that the input impedance was at least 1000 megohms, and so that the tube and its associated batteries could be completely shielded. In order to provide * Bioelectric Fields and Growth contains an excellent bibliography of the important work done in electrometric examination in living systems. adequate control of the probe, it was mounted on the arm of a dissecting microscope stand. With this, the probe could be moved horizontally along the course of the nerve and raised and lowered with respect to it. In order to measure the distance between the nerve and the probe with some degree of accuracy, a suitable lever was so arranged that the tip of the long arm moved over a scale divided into half millimeters. Greater accuracy could, of course, be obtained, but in the preliminary study this was not attempted. The general arrangement will be seen in Fig. 1 .
The second requirement was a proper stimulator. Fig. 1 . This consists of a plastic plate and two vertical plastic uprights. The righthand upright had 3 silver wires set transversely into it. To the first two, wires were led from the isolating transformer; the down-stream electrode representing the negative pulse. The third wire electrode was grounded. In the lefthand plastic post, two silver wires were inserted so that, if desired, conduction pickup could be obtained. The nerve was stretched across these supports, using the thread at the proximal end to hold that end firmly, and the distal end of the nerve, strung across the lefthand silver wire, was allowed to hang over the edge of the plastic plate with a small weight attached to it, to keep the nerve reasonably straight. Only enough weight was used to keep the nerve from sagging; not enough to strain it. Once the nerve was in position, it was sprayed every minute or two with Ringer's solution. The probe was then moved to the midpoint of the sciatic nerve, just before the major branches are given off. The probe was then lowered toward the nerve until it was as close to the nerve as possible without touching it. With the amplifier and cathode ray in operating condition, the stimulator was started and the intensity of the stimulus increased until the trace on the cathode ray showed no increase in the response of the nerve to continued increase in the strength of stimulus. At a first approximation, all of the 15 nerves studied showed a remarkable consistency in the strength duration response. but they are still approximately alike. At 4 and 6 mm., however, there is considerable divergence. The reasons for this are not clear and require further study, but presumably a distortion of the probe is one of the factors.
Discussion
The technique employed in these experiments has given evidence of an electric field in the air surrounding the sciatic nerve of the frog when it is stimulated. Further studies, now in progress, will be required for an adequate analysis of the findings. Nevertheless, the evidence here presented gives further enlightenment as to the nature of the fields in living systems.
It is becoming increasingly clear that these are the simplest forms of electrodynamic fields, namely, quasi-electrostatic fields. Originally, the term "electrodynamic fields" was used to describe in the most general way the nature of fields in the living organism, but it is now possible to give a more precise definition. Measurements of such fields can be made in a simple way and indicate that forces exist in and around the nerve during excitation. Thus, to the steady state parameters of these fields that have been recorded in amphibia' and in plants' 9 must be added these records of the changing properties of electric fields in association with biological activity.
To be sure, the EEG and the EKG are instances of the same phenomena and, in a sense, the observations recorded here are no more than to be expected. All of them are the direct consequences of field properties of living systems. None of this implies that the field is conceived of as some mysterious property of living things. It is not another name for elan vitale or entelechy; it is a definable concept capable of precise measurement and is to be thought of in the same terms as fields in the non-living universe. Electric fields in physics are not only widely accepted, but technologies based upon them have been extraordinarily productive. In non-living matter, fields are definable in terms of forces between charges. They are, in part, a measure of the relationships between entities. In living systems, therefore, since the entities of which they are composed are the same entities as are to be found in non-living matter, the same forces between units may be presumed. The basic difference between the two lies in the enormously increased complexity of the relationships in living organisms. It would seem reasonable to assume, therefore, that the relationship of entities in living organisms may be measured by field properties, just as successfully as in atoms or between atoms. It should be noted that electrostatic fields do not exist in the absence of charges, nor charges in the absence of fields. They are both fundamental properties of matter. In living organisms it can be said that the chemical components, wherever they possess charges, cannot exist without fields, nor can fields be found except in the presence of charges.
It is equally clear that the business of living is not a static affair. It is a moving, dynamic process. For this, energy is required and it is the chemistry of biological systems which provides it. But energy is a scalar quantity and is itself indifferent to the direction in which it flows. In general, it is the second law of thermodynamics which directs the flow in such a manner as to increase the entropy of the system. It seems from our earlier observations that this direction is also characterized by electrical gradients, much as though the second law was augmented by electrical signposts.
Moreover, these electrical signs have astonishing constancy in spite of the enormously complex chemical flux, and such constancy of directional control is one of the striking attributes of the developing organism. Quasi-electrostatic fields, although changing slowly, persist in time and can, perhaps to some approximation, be conceived as providing the necessary direction. The experiments here presented provide additional evidence of the validity of the original assumption.
